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Abstract—In recent year, there has been an increasing 
amount of studies on the quality of honey particularly 
physicochemical properties and its nutritional value. 
Unfortunately, these properties will be affected when it 
is exposed to a temperature higher than 60°C during the 
conventional thermal processing and also altered its 
nutritional properties such as antioxidant activity and 
brown pigment formation. Hence, non-thermal 
processing that might be proven to be significant 
benefit, applied without causing significant heating that 
can damage taste, texture and nutritional value of 
honey. Although there are many research has been done 
on non-thermal processing on the bio-compounds in 
various foods in various foods, the application of non-
thermal processing for the enhancement of the quality 
of honey is underexplored. By studying the effects of 
non-thermal processing on the quality of honey, it will 
help to improve the use of honey and also a 
diversification in food products containing it. 
Keywords—Honey, Quality, Thermal Treatment, Non-
thermal Treatment 
I.  INTRODUCTION  
Honey is a natural product unique in Malaysia 
that has been reported as having many health benefits 
with higher nutritional value [1]. It is also cherished 
for its antioxidant and antibiotic effects. Recent 
studies focus on the physicochemical properties of 
honey [2-4]. However, the application of 
conventional thermal treatment in commercial honey 
processing plant can be detrimental to 
physicochemical and nutritional properties due to the 
unstable and thermophile component when heated at 
60°C and above. The quality of the honey such as 
nutritional value, texture and taste is known to be 
compromised when it goes through thermal 
processing [5-7]. The application of non-thermal 
processing can as an alternative to the conventional 
thermal processing is predicted to minimize the effect 
of heat. Understanding the effect of non-thermal 
treatment in honey processing is very crucial in order 
to enhance the quality of honey. Non-thermal 
treatment has positive effect on the product quality 
and has capability to inactivate microorganism in 
various food matrices [5-7]. It represents interesting 
and promising dimensions for food processing not 
only because of it inactivates microorganism but also 
providing opportunities for development of value 
added food products  [8]. 
II. HONEY: A NATURAL SWEETENER AND ITS 
VALUABLE PROPERTIES 
Honey is the world’s primary sweetener and 
natural’s original sweetener produced by honey bees 
from the nectar of plants or secretions of living parts 
of plants. Honey is made by bees in one of the 
world’s most efficient facilities, the beehive, and 
evolved from the nectar, being a popular natural 
sweetener consisting of glucose and fructose. 
Basically, honey is flower nectar which has been 
collected, regurgitated and dehydrated by honey bees 
to enhance its nutritional properties making it ready 
for human consumption [5]. There are several types 
of honey such as Manuka honey, Pasture honey, Jelly 
bush honey, Jungle honey, Chestnut honey, 
Rhododendron honey and Blossom honey. The 
varieties of honeys are due to components of the 
flower sources [1]. The consumption of honey is on 
the rise in the world due to the unique combination of 
components in honey which makes it a prized 
addition to the diet, health and medical treatment. 
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TABLE I.  AVERAGE COMPOSITION IN HONEY 
Component Average (%) 
Moisture 17.2 
Fructose 38.19 
Glucose 31.28 
Sucrose 1.31 
Disaccharides, calculated as 
maltose 
7.31 
Higher sugars 1.5 
Free acid as gluconic 0.43 
Lactone as glucanolactone 0.14 
Total acid as gluconic 0.57 
Ash 0.169 
Nitrogen 0.041 
 
The average composition of all types of honey is 
summarized in Table I. The composition of honey is 
rather variable and primarily depends on the floral 
source and some other external factors, such as 
seasonal and environmental factors and processing. 
Honey is a supersaturated solution of sugars, which 
contains more than 181 substances, mainly composed 
of fructose and glucose, containing also minerals, 
proteins, free amino acids, enzymes and vitamins [9]. 
Even though the precise composition of honey varies 
according to the plant species on which the bee 
forages, but the main constituents are the same in all 
honeys [10]. Sugar accounts for 95-99% of honey dry 
matter. Majority of these simple sugars are fructose 
(38.19%) and glucose (31.28%), which represents 85-
95% of total sugars. Water is also a main component 
of honey and its content is critical; since it affects the 
storage of honey. The final water content depends on 
environmental factors during production such as 
weather and humidity inside the hives, but also on 
nectar conditions and treatment of honey during 
extraction and storage [2]. 
Besides of its main components such as 
carbohydrates and water, wide range of minor 
constituents is also present in honey, many of which 
are known to have antioxidant properties [9]. The 
antioxidant capacity of honey is mainly due to the 
presence of phenolic compounds and flavonoids in 
honey; its antioxidant capacity depends on several 
factors, such as the flower source of the nectar, 
season, and environmental factors, such as soil type 
and climate, genetic factors, and processing methods 
[10]. These different biological effects of honey with 
respect to its nutritional, physical, microbiological 
and medicinal aspects have been summarized and 
presented in Table II. 
Due to good nutritional value as it contains 
carbohydrates, proteins, vitamins, minerals and 
various other components, honey has been use as 
food in different parts of the world and in different 
ways. Commercial application of honey is 
summarized and presented in Table III. 
 
III. PRODUCTION, COLLECTION AND 
PROCESSING OF HONEY 
 
Honey is considered as a natural biological 
product evolved from the nectar. The honey in the 
nutshell is flower nectar which has been collected, 
regurgitated and dehydrated by honey bees. The 
production of honey from nectar is presented in Fig. 
I. 
At first, pollen and nectar of the plants and 
flowers are collected by honey bees. Nectar is sucked 
out of the flowers using long, tube like tongues called 
proboscis and the bees store this nectar in their 
stomach before carried it to the beehive. At this stage, 
the nectar contains 80% water. While inside the bee's 
stomach for about half an hour, the nectar mixes with 
the proteins and enzymes produced by the bees, 
converting the nectar into honey. Invertase from hypo 
pharyngeal gland of bees will cleave the disaccharide 
(sucrose) into fructose and glucose which then 
doubles the number of molecules contributes to the 
osmotic potential. Honey was then dropped into the 
beeswax comb, which are hexagonal cells made of 
wax produced by the bees. The process is repeated 
until the combs are full. Bees fan their wings to 
evaporate and thicken the honey which contains 
about 14-18% water in order to ensure the long-term 
storage of honey. When this is done, the bees cap the 
honeycomb with wax and move on to the next empty 
comb, starting all over again. 
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TABLE II.  THE CHARACTERISTICS OF HONEY. 
TABLE III.  COMMERCIAL APPLICATION OF HONEY [14] 
Use of honey Remarks 
Additive to fried or roasted beef, poultry Reduces the formation of heterocyclic aromatic amines and their mutagenic effects 
Sweetener for sport beverages, non-alcoholic 
fruit , ice tea, yogurt drinks, chocolate milk 
beverages, fermented beverages, vinegar, 
vegetable juices; in mead production 
Supplies different natural honey flavours and colours; honey sugars are fermentable 
and give alcoholic drinks unique flavours; prevent browning due to antioxidative 
properties 
Additive to poultry and other meat, to fruit  and 
vegetable processing 
Antioxidant and preservative (antibacterial) properties, reduces browning improve 
sensory properties. 
Dried honey Convenient as consistent in texture, flavour and colour, allowing blending with other 
dry ingredients 
Additive to frozen ice cream and dough Better stability and sensory properties 
Additive to microwave foods: cakes, muffins, 
cookies, glazes 
Superior microwave sensitivity and water activity managements than synthetic sugars 
Additive to salsas and sauces Neutralize sour and burn intensity 
  
  
Characteristics Remarks References 
Nutritional Aspects 
Carbohydrates / sugars 
of honey 
In the process of digestion after honey intake the principal carbohydrates, fructose and glucose, 
are quickly transported in to the blood and can be utilized for energy requirements by the human 
body. 
[1] 
Vitamins/Minerals/trace 
compounds 
Honey comprises 0.3-25 mg/kg choline and 0.06-5 mg/kg acetylcholine. Choline is necessary for 
cardiovascular and brain as well as for cellular membrane composition and repair, while 
acetylcholine responsible for neurotransmitter. 
[11] 
Proteins, enzymes and 
amino acids 
Three main honey enzymes are diastase (amylase), decomposing starch or glycogen into smaller 
sugar units, invertase (sucrase, glucosidase), decomposing sucrose into fructose and glucose, as 
well as glucose oxidase, producing hydrogen peroxide and gluconic acid from glucose. 
[11] 
Aroma compounds, 
taste-building 
compounds and 
polyphenols 
The main polyphenols are the flavonoids, their content can vary between 60 and 460 μg/100 g of 
honey and are higher in samples produced during a dry season with high temperatures.  
[1] 
Physical Aspects 
Sensitivity to light  Honey lost its bacterial inhibiting ability (tested in a 17% solution) after exposing a thin film to 
sunlight. It  is established that exposure of honey in a layer of 1-2 mm thick to sunlight for 15 min 
was led to complete loss on non-osmotic activity. 
[12] 
Sensitivity to heat  The loss of antibacterial activity of honey on exposure to heat was complete loss of inhibition by 
17% honey after exposure of 50% honey to 56, 80 and 100  for 30, 10 and 5 min respectively. 
[12] 
Storage effect  Enzymatic activity, microbial quality, antimicrobial properties, chemical composition and color 
are all influenced by storage and heat  too. 
[12] 
Microbiological Aspects 
Antimicrobial activity Honey glucose oxidase produces the antibacterial agent hydrogen peroxide, while another 
enzyme, catalase breaks it down. Honey with a high catalase activity have a low antibacterial 
peroxide activity 
[11] 
 
Antibacterial activity The antibacterial property of honey is due to osmotic effect of its high sugar content as it  has an 
osmolarity sufficient to inhibit  the microbial growth. 
[1] 
Antiviral activity Honey has been shown to inhibit in vitro the Rubella virus and Herpes virus and has anti-HIV-1 
activity as tested by polymerase chain reaction (PCR), due to methylglyoxal. High inhibitory 
activity against the influenza virus of various sources was reported for Manuka honey  
[11] 
Anti-parasite activity Honey inhibited the growth of three species of the Leishmania parasite. Honey extract exhibited 
anthelmintic activity. Pakistan honey was found to exibit antiparasitic activity against the model 
nematode Caenorhabditis elegans. 
[11] 
Antifungal activity The antifungal action of three single samples of South African honey (wasbessie, bluegum and 
fynbos) against Candida albicans and found honey to inhibit on the growth of C. albicans, while 
the control, bluegum and fynbos honey produced only partial inhibition. 
[12] 
Medicinal Aspects 
Haemotology and  
immunity 
Honey eaters have the benefit  of haematoprotection in addition to  blood proliferation. [13] 
Oral health The carioprotective effect of honey has been adduced to its antibacterial property, which prevents 
the growth of the bacteria that  can cause dental caries. 
[13] 
Gastroenterology The clinical uses of honey in infants and children revealed shorter duration of diarrhoea caused by 
bacteria. Natural honey reduced the pathogenesis and durat ion of viral diarrhoea unlike that  
associated with the use of conventional antibacterial therapy. 
[13] 
Chemotherapy and 
wounds management 
Honey has antiseptic properties, good for treating burns, infected surgical wounds and ulcers.  [13] 
Metabolic and 
cardiovascular effects 
Honey intake ameliorates risk factors of metabolic and cardiovascular diseases in patients and 
healthy individuals at risk. Unlike refined sugars, diabetic patients can safely and harmlessly eat 
this natural and sweetest sugar fructose-containing product, natural honey. 
[13] 
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In conventional honey processing, the use of heat 
is found to be essential for fast handling, to dissolve 
large sugar granules and to sustain honey quality. 
Two stages of heating applied in honey industry are 
known as liquefaction (to keep honey in liquid form 
for as long as possible), and pasteurization which is to 
kill the yeast and other spoilage microorganisms as 
well as preventing fermentation [15]. Both stages are 
operated at a temperature of more than 50°C or even 
up to 77°C. 
Apart from conventional treatment, alternative 
thermal treatment (such as microwave heating and 
infrared heating) and non-thermal treatment (such as 
ultrasound, ultraviolet and membrane filter) are 
proposed, explored and implemented to ensure the 
quality and safety aspect of honey [16]. These novel 
food processing technologies could provide safe, 
fresher-tasting, nutritive foods without the use of heat 
or chemical preservatives, which totally can satisfy 
new consumer demand [17]. 
 
Fig. I. The production of honey from nectar. [1] 
IV. CONVENTIONAL THERMAL TREATMENT OF 
HONEY PROCESSING 
Thermal processing is a popular technology for 
food industry which ensures microbiological safety of 
the products. The essential principle of these methods 
is based on the convection and conduction 
mechanism of heat transfer which is generated either 
by combustion of fuels or by an electric resistive 
heateing before it transferred into the product [18]. 
Honey is thermally treated before packaging for 
several reasons. Heating not only eases the processing 
of bottling by reducing the viscosity of honey, but 
also reduces the water content in honey to prevent 
fermentation, dissolves the sugar crystal nuclei to 
retard granulation, homogenizes honey colour for the 
preference of consumers and destroys the sugar 
tolerant osmophilic yeasts to prolong the shelf life of 
honey [19]. Fresh honey is usually thermally treated 
in order to facilitate processing and to maintain good 
quality [20]. Heating is an important processing step 
in honey production because it directly affects the 
quality of honey. Fig. II shows the flow of 
conventional process in honey production [21]. 
 
Fig II. The flow of conventional process in honey production.  
Studies have shown that heating honey at 
temperature between 60 to 70°C for 10 min as well as 
indirect heating in conventional process which is in 
the range of 60 to 65°C for 25-30 min can destroy the 
yeasts completely. Yeasts can be grown to tens of 
thousands per gram although honey possesses anti-
microbial characteristics, have low water content and 
high concentration of sugars  [11]. Saccharomyces 
cerevisiae was found as the dominant yeast 
fermenting honey [22]. It is also known as osmophilic 
or sugar tolerant yeast because it can withstand the 
low water content (around 16 - 21%) and high sugar 
concentration in honey. Food grade honey with a very 
high yeast count (more than 100 000 CFU/g) is not 
likely to be marketable [22]. With respect to medical 
health applications, yeast count must be less than 500 
CFU/g. 
Previous study reported the completely inhibition 
of yeasts and fungi in natural honey when heated at 
higher temperature, 80°C for 60 s in transient and 30 
s in isothermal stage using the technique of high 
temperature-short time heating [23]. Complete 
inhibition of yeast also showed using lower 
temperature ranging from 63 to 65°C but with longer 
treatment time of 7.5 to 35 min [24]. In general, the 
different combination of time and temperature 
treatment is necessary to inactivate all types of 
microbes specially mold and yeasts s ince they are the 
only microbes which have been reported to grow in 
honey. 
However, despite the benefits of thermal 
treatment, a number of changes take place in the 
product that alter its final quality, for example, flavor, 
color, texture, and general appearance. Thermal 
treatment of honey is a critical issue for preserving 
honey integrity during manufacture [25]. The effect 
of heat processing on the quality parameters in honey 
is summarized in Table IV. 
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TABLE IV.  THE SUMMARY ON THE EFFECTS OF CONVENTIONAL THERMAL TREATMENT  ON THE QUALITY OF 
HONEY. 
Q uality properties Flower/ Country 
types of honey 
Thermal process 
condition 
Remarks Ref. 
Antioxidant activity 
and phenolic 
compounds 
Honeydew honey 90ºC for 60 minutes - Decrease in antioxidant properties of honeydew 
honey after thermal processing 
[26] 
Acacia and chestnut 
honey from Croatia 
95 ± 1°C for 5 
minutes. 
- The antioxidant activity and total phenolic content 
decreased after heating. 
[27] 
Manuka honey 50, 60 and 70 °C for 
10 min 
- The samples of combined HPP–thermally 
processed (600 MPa, 70 °C) and thermally 
processed samples (60 °C) do not show any 
significant increase in antioxidant activity as 
compared to unprocessed. 
[6] 
HMF 
concentration 
Botanical origin 
honey (citrus, 
mountain, anise, 
Erica, and oak) in 
Latakia 
50, 80, 100 ◦C for 
hour, two and 
three hour-intervals. 
- The higher temperature and the longer duration of 
heating, the higher the HMF content obtained. 
- A low heating temperature resulted in low HMF 
increase in the given periods of time. 
[25] 
Manuka honey 50, 60 and 70 °C for 
10 min 
- The percentage increase of HMF at 70 °C is 
registered as 56.7 ± 10.88%, which showed the 
highest as compared to other treatments. 
[7] 
Enzyme activity Buckwheat flower 
honey  
50 °C, 60 °C and 
70 °C in an hour. 
- Invertase activity starts to decrease significantly 
from 50 °C temperature. 
[28] 
Mixed floral honey 
and mustard honey of 
Kashmir 
40°C, 50°C, 60°C, 
70°C and 80 °C for 5 
to 25 minutes 
- Diastase activity first increased from 40°C- 50°C 
and then decreased almost regularly with the 
increase in temperature. 
- Vmax first  increased up to 50°C and then decreased 
from 60°C to 80°C, indicating that diastase activity 
is maximal between 40°C and 50°C and beyond 
50°C diastase activity reduces with the further 
increase in temperature. 
[29] 
Biochemical 
composition 
Tualang, Gelam and 
Acacia honey in 
Malaysia 
63 and 90°C for 60 
minutes 
- The short period of heating time was found to 
degrade nutrients, enzymatic activities and water 
soluble vitamins in honey. 
- The degradation of protein and enzyme via 
proteolytic digestion had attributed to the increase 
of free amino acids in honey. 
[19] 
Tualang, Gelam and 
Acacia honey in 
Malaysia 
90°C for 30 minutes - Proline and threonine were significantly reduced, 
while tyrosine, valine and lysine were increased in 
all honey samples.  
- The proteolytic digestion was responsible for t he 
increase of tyrosine, valine and lysine 
concentration after thermal treatment. 
[30] 
V. ALTERNATIVE THERMAL PROCESSING 
METHODS FOR HONEY 
Besides of conventional thermal processing 
methods, there are other alternative thermal 
processing methods that can be applied for honey 
processing such as infrared heating and microwave 
heating. These novel food process technologies is 
proven that it could provide safe, fresher-tasting, 
nutritive foods without the use of heat or chemical 
preservatives, which is totally can satisfy new 
consumer demand [28,31]. 
A. Microwave heating 
The applications of microwave heating in food 
industry demonstrate significant advantages over 
conventional methods in reducing process time and 
also improving food quality. Microwave heating 
takes place due to the polarization effect of 
electromagnetic radiation at frequencies between 300 
MHz and 300 GHz [32]. 
The effect of microwave on the quality of honey 
is well documented. Power levels and treatment time 
are main parameters which influence the quality of 
honey, namely hydroxymethylfurfural, HMF content 
and browning [33-34]. In the formation of HMF and 
browning pigment, the values increased with 
increasing both power intensity and heating duration. 
Previous study found that heated samples for longer 
duration of 45- 60s, 60s and 90 s at higher power 
intensity of 16.0 W/g, 11.9 W/g and 9.1 W/g, 
respectively resulted in rapidly high HMF (> 5 
mg/kg), showing the sensitivity of honey to the power 
intensity and duration of heating. However, the HMF 
level obtained was still far below the maximum 
permissible statutory level of 40 mg/kg of honey [33]. 
Whereas, another study revealed that the power level 
of 280 W with heating time of 270 s give the 
maximum value on HMF formation with 25.789 
mg/kg and 8.548 mg/kg for Helianthus annuus and 
Eucalyptus lanceolatus honey, respectively [34].  
Different combinations of heating duration (15 to 
90 s) and power intensity (175 -800 W) show the 
changes in properties. Higher power level and shorter 
processing time is better than lower power level and 
longer duration. Power level of 800W for 15s resulted 
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in considerable reduction in yeast count (450 CFU/ 
mL), which is due to the rapid increase in sample 
temperature after exposed to the microwave heating 
which then leads to the rupture of yeast cell walls. 
They also reported that processed honey with a yeast 
count of 8.00 x 102 CFU/mL could be stored at 28 ± 
2°C for 16 weeks without fermentation, which is due 
to the reduction of moisture content above 9% at 
power intensity of 9.1 W/g, 11.9 W/g and 16.0 W/g 
when the samples heated for 60 seconds. 
Previous studies also showed the reduction of 
diastase activity to 50% of its original value when 
heated for long periods (60 to 90 s) and at power 
intensity of 6.3 W/g, 9.1 W/g, 11.9 W/g. Even though 
the larger reduction was observed in higher power 
intensity, the final moisture content for all samples 
(19.8-21.2%) were reported in the range of the 
acceptable level for commercial processed honey 
(22%) [33]. 
The microwave energy used to heat samples of 
starfruit honey at 71°C did not affect the pH, 
titratable acidity, water activity, moisture, nitrogen, 
ash, glucose, fructose, maltose and sucrose content of 
the honey . However when the samples were stored 
over 16 weeks, major changes in moisture content, 
titratable acidity, sugar content and diastase activity 
were observed [35]. 
B. Infrared heating 
Infrared heating is gaining popularity and widely 
applied to various thermal processing operations such 
as dehydration, frying and pasteurization due to 
higher thermal efficiency and fast heating rate / 
response time in comparison to conventional heating. 
In addition, it provides significant advantages over 
conventional heating such as reduced quality losses, 
versatile, simple and compact equipment and 
significant energy saving. Two conventional types 
infrared radiators used are electric and gas -fired 
heaters [36]. 
In food processing, the radiant electromagnetic 
energy may induce changes in the electronic, 
vibrational and rotational states of atoms and 
molecules once it impinge upon a food surface. As 
food is exposed to infrared radiation, it is absorbed, 
reflected or scattered and the absorption intensities at 
different wavelength differ by food components. 
Infrared application heating was reported to be 
effectively used for enzyme and pathogen 
inactivation including bacteria, spores, yeasts and 
molds in both liquid and solid foods  [37-38]. The 
efficacy of this inactivation depends on the 
parameters which are (i) power level (ii) temperature 
of food sample (iii) wavelength and bandwidth (iv) 
sample depth (v) types of microorganism (vi) 
moisture content (vii) physiological phase of 
microorganism and (viii) types of food materials. 
Previous studies had investigated the effect of 
infrared heating on the quality of forest bee honey 
using a near infrared (NIR) batch oven fitted with 
infrared lamps for 1.0 kW, peak wavelength 1.1-1.2 
μm [33]. The result showed that yeasts count was 
reduced substantially when honey samples were 
heated continuously for 2, 3, 4, 5 and 8 min. With 
regards to quality, HMF value was increased 220% 
with 37% drop in enzyme activity after 5 min heating 
with product temperature of 85°C. However, when 
the samples were heated for 8 min which at very high 
in temperature (110°C) the diastase activity fell 
drastically, clearly indicating excessive heating of 
honey. Benefits to this, at this time no viable colony 
forming units of yeasts were noticed. They concluded 
that heating period of 3 to 4 min was adequate to 
meet all the statutory requirements of honey quality 
and commercially acceptable product. 
VI. NON-THERMAL PROCESSING METHODS FOR 
HONEY 
A. Ultrasound 
Ultrasound is generated by the application of a 
vibration force to the surface of material. Food 
technologist has discovered that it is possible to 
employ a more powerful form of ultrasound (>5 
W/cm2) at a lower frequency (generally around 40 
kHz), which is usually refer as power ultrasound. 
When applied to the surface of material, the vibration 
force is transmitted through the bonds within 
molecules. In food processing, the application of 
ultrasound shows considerable promises in various 
applications such as crystallization of fats and sugars, 
inhibition of enzyme activity and also enhanced 
preservation. Sonication in combination with heat and 
pressure has potential to enhance microbial 
inactivation [39-40].  
In honey processing, the application of ultrasound 
showed it benefits in eliminating the existing crystals 
with 9 kHz of ultrasound frequency [39]. Previous 
study has improved the method for preventing 
granulation using higher frequency of 18 kHz which 
can drastically reduce the liquefaction time to less 
than 30 seconds [40].  The ultrasound treated samples 
remained in the liquefied state for 344 ± 36 days, 
longer as compared with the heat treated sample 
which is remained in the liquefied state only for 282 
± 86 days [41]. It has been reported that the probe 
size and cycle have significant effect on liquefaction 
time [42].  
With regards to honey quality parameters, no 
significant effect was found on moisture content, 
electrical conductivity and pH when 23 kHz 
frequency of ultrasound was applied [41]. Previous 
studies reported no significant difference in colour 
changes between untreated and ultrasound treated 
sample [43]. Meanwhile, the effect of ultrasound on 
the HMF concentration in honey is different 
depending on the probe and cycle used. It was 
reported that a significant increase of HMF 
concentration in ultrasound-treated honey (7 mm 
probe, 100% amplitude, 1 cycle) [42]. In contrast, 
there was another study showed a significant lower 
range of HMF concentration as compared with heat-
treated honey (70°C) when using longer probe (40 
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mm probe-100% amplitude-cycle 1) [43]. This is 
primarily due to the honey being at the maximum 
temperature reached of 77.3°C for a much shorter 
time (434.0 s) than for a heating regime (55°C for 16 
h and 72°C for 2 min) which is similar to that 
presently used by the honey industry. In addition, a 
lower HMF concentration can be explained by the 
fact that, ultrasound waves have a suppression effect 
on Maillard reaction by preventing amino acid and 
carbohydrate reaction and could break down HMF 
molecules. 
Regarding to microbial content, previous study 
showed that ultrasound has a destructive effect on 
microorganism showing a decrease of 50% in total 
aerobic bacteria (cotton and canola honey) and 3% in 
total aerobic bacteria for sunflower honey [42]. Most 
of the yeasts have been destroyed by ultrasound 
treatment. This result is in an agreement with a 
previous study which stated that microbial 
inactivation in ultrasound treated honey was 
considered to occur due to cavitation, localized 
heating and free radical formation [43]. 
B. Ultraviolet  
Ultraviolet is one of the electromagnetic processes 
which getting more attention from food industry as an 
alternative technology especially for inactivation of 
pathogenic and spoilage microorganism [44]. 
Economically, pulsed mode UV light can provide 
a cost-effective alternative to inactivate both 
vegetative cells and spores compared to continuous 
mode UV light. In pulsed UV light, electrical energy 
is released as very short period pulses (several 
nanoseconds) after stored in capacitor over a short 
period of time (few milliseconds). The electrical 
energy is transferred through a lamp which is filled 
with xenon and then the ionization of gases will 
produces a broad spectrum of light in the wavelength 
region of UV. Previous studies revealed that pulsed 
UV light treatment is a more effective and rapid way 
of inactivating the microorganism when comparing 
with continuous UV light [45]. 
In honey processing, the use of UV treatment is 
limited and still in improvement. The purpose of the 
application of UV is  more to inactivate the spores. 
According to a previous study, pulsed light was 
applied to the Clostridium sporogenes inoculated 
honey using the SterilePulseXL® 3000 Pulsed Light 
Sterilization System with an equipment setting of 3 
pulses/sec [46]. Inoculated honey samples were 
placed in the pulse UV chamber where they were 
exposed to pulses of UV-light. The energy released 
from the UV strobe was 5.6 J/cm2 per pulse when the 
input voltage was 3,800 V. The number of pulses, the 
distance between the food product and the lamp as 
well as the depth of honey are the parameters which 
affect the spores inactivation. Increasing the number 
of pulses showed and increased in the reduction of 
C.sporogenes; from 0% (15 and 135 pulses for 5 and 
45 s respectively) to 89.4% (540 pulses, min). 
However, pulsed UV light was failed to completely 
inactivate the C. sporogenes due to the limited 
penetration of UV light in honey. In addition, there is 
no synergistic effect of the heat generated within the 
pulsed UV light on the spores because C. sporogenes 
were survived. Besides, the percent reduction of the 
spores increased as the depth of honey was decreased 
(0.0 and 39.5% were obtained for 8 and 2 mm, 
respectively). In conclusion, inactivating the spores in 
UV-treated honey is more effective when the number 
of pulses was increased. 
C. Membrane filtration 
Membrane processing is a technique that permits 
concentration and separation of macro- and 
micromolecules based on molecular size and shape. 
In recent years, membrane process such as 
microfiltration (MF), ultrafiltration (UF) and reverse 
osmosis gaining importance for processing liquid 
foods and natural colours. 
Ultrafiltration is an alternate approach to the 
conventional thermal process and has been used to 
transform raw honey into a material suitable for food 
processing. The membranes are made up of 
polysulphone, polyvinyldene fluoride and cellulose 
acetate of pore size 1-100 nm. As reported by 
National Honey Board, the benefits of UF can be 
pointed as: (i) no cloudiness or 
sedimentation/granulation, (ii) reduced viscosity, (iii) 
commercially sterile product and (iv) consistent 
quality characteristics. In addition to that, 
ultrafiltration membranes in honey processing could 
eliminated bacteria (7000, 30 000 and 80 000 
molecular weight cut off (MWCO)) and could 
completely remove yeasts (20 000, 25 000, 50 000 
and 100, 000 MCWO) as has been found by Itoh et al 
(1999) and Barhate et al (2003). It is also reported 
that microfiltration membrane (MF) with pore size of 
200 nm would remove the viable microorganism 
completely and as such could be used for sterilization 
[47]. 
However, UF have some limitation. Ultrafiltered 
honey is devoid of desirable enzymes and proteins, 
and hence, cannot be regarded for applications related 
to food health. Protein could be eliminated from 
honey when it was exposed to UF [48]. Protein and 
enzymes are nutritionally important in honey 
(amylase, invertase and glucose oxidase), which can 
be used in wounds treatment and gastrointestinal 
disease. 
D. High Pressure Processing  
High pressure processing, also referred to as high 
hydrostatic pressure (HHP) or ultra-high pressure 
processing (UHP) is a non-thermal food preservation 
technique that has the potential to fulfill both 
consumer and scientific requirements. HPP uses 
pressure up to 900 MPa to kill many of the 
microorganisms found in foods, even at room 
temperature, without degrading vitamins, flavour and 
colour molecules in the process. High pressure 
processing is gaining popularity with food processors 
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not only because of its food preservation capacity but 
also because of its potential to achieve interesting 
function effects [8]. 
The majority of HPP applications in food industry 
involves pasteurization of foods at ambient 
temperature, at about 400-900 MPa and at chilled or 
mild process temperature, with or without the 
addition of heat. This condition allowing most foods  
to be preserved with minimal effects on taste, texture, 
appearance or nutritional value, hence it preferred as 
“minimally preserved” [49-51]. In addition, it plays a 
role in inactivating harmful pathogens and vegetative 
spoilage microorganism as well as enzymes [52]. 
Although HPP is currently more expensive than other 
conventional method, the use of HPP offers new 
opportunities and great advantages to food industry in 
respond to consumers need. Moreover, the cost of 
HPP is decreasing, mainly due to the new 
development in equipment and methods of treatment 
[53]. 
High pressure offers a technology that can 
achieve the food safety properties of heat-treated 
foods while meeting consumer demand for fresher 
tasting food products. Unlike heating, HPP treatment 
generally does not change the odour, flavour or other 
sensory characteristics of foods and could also 
preserve nutritional value. This is due to its limited 
effects on covalent bonds of low molecular-mass 
compounds resulting in minimal modifications in 
nutritional and sensory quality. Recent studies 
reported that the HPP methods will affect the quality 
attributes of honey which is summarized in TableV. 
TABLE V.  THE EFFECT  OF HPP  ON THE QUALITY ATTRIBUTES OF MANUKA HONEY. 
Q uality properties Process condition Remarks Ref 
Antioxidant activity 
/ Total phenolic 
content (TPC) 
200 MPa, 400 MPa and 600 MPa, at 
close to ambient temperature for 
5, 10 and 15 min. 
- HPP-treated honey has higher level of TPC as compared 
to unprocessed honey. The process condition of 600 MPa 
for 10 min showed significant increase in TPC as 
compared to unprocessed honey. 
- HPP at ambient temperature was found to have a very 
significant effect on TPC in manuka honey as compared to 
combined HPP–thermal and thermal processing. 
[5] 
 200, 400 and 600 MPa, at close to 
ambient temperature (25 to 35 °C) for 
10 min 
- The antioxidant activity for HPP-treated samples (at 
ambient temperature) showed the highest increment as 
compared to other treatments. 
- HPP-treated samples (at ambient temperature) lead to a 
significant increase to about 30 % in antioxidant activity. 
[6] 
Brown pigment 
formation 
200, 400 and 600 MPa, at close to 
ambient temperature (25–35 °C) for 5–
30 min. 
- The brown pigment in untreated Manuka honey was 
registered as 0.108 ± 0.010, as indication to its h igh 
antioxidant potential and total phenolic content. 
[7] 
 HMF 
concentration 
200, 400 and 600 MPa, at close to 
ambient temperature (25 to 35 °C) for 5 
to 30 min. 
- HMF concentration in HPP-treated samples at ambient 
temperature showed the lowest HMF content . 
[7] 
Colour 200, 400 and 600 MPa, at close to 
ambient temperature (25 to 35 °C) for 
10 min 
- HPP-treated samples at ambient temperature had the 
lowest effect on total colour difference (TCD) (range 
between 0.41 and 0.83) compared to others treatment.  
[6] 
Flow behaviour 200, 400 and 600 MPa, at close to 
ambient temperature (25 to 35 °C) for 
10 min 
- The HPP-treated sample displayed shear thinning or 
pseudoplastic behaviour, similar to unprocessed honey. 
[6] 
Antibacterial 
activity 
200, 400 and 600 MPa, at close to 
ambient temperature (25–35 °C) for 5–
30 min. 
- The percentage inhibition of S. epidermidis in HPP-treated 
Manuka honey at different pressure levels of 200, 400 and 
600 MPa (with 83.71 ± 4.68%, 84.43 ± 6.01% and 84.34 ± 
7.62%, respectively) for 10-min treatment showed no 
significant difference amongst them. 
[7] 
 
VII. CONCLUSIONS 
Thermal processing of honey eliminates the 
microorganisms responsible for spoilage. Microwave 
heating, infrared heating, ultrasound processing, and 
membrane processing have been explored as 
alternatives to conventional heat processing. 
Microwave heating provides a rapid method for 
achieving the desired level of yeast reduction with 
reduced thermal damage. Infrared heating is not 
similar as rapid as microwave heating but desired 
results are achieved in a relatively shorter duration (3 
to 4 minutes) compared to the conventional method. 
However, despite the benefits of thermal processing, a 
number of changes take place in the product that alter 
its final quality, for example, flavor, color, texture, 
and general appearance. Innovative non-thermal 
processes for preservation of food have attracted the 
attention of many food manufacturers.  The modern 
consumer requires foods that are safe and nutritious, 
free from additives, taste goods, and have a longer 
self-life. In the search for new processing methods, 
particularly for certain products, the application of 
non-thermal processing has shown considerable 
potential as an alternative technology to heat 
treatments which aims to satisfy the increasing 
consumer demands for fresh-like products with 
minimal degradation of nutritional properties. 
Therefore, more research is needed, focusing on the 
effect of non-thermal processing on physicochemical 
and nutritional properties of honey, as compared to 
conventional thermal processing. 
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